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Introduction: Conventional modalities used to treat varicose veins with incompetent perforators and
subsequent stasis ulceration have proved to be effective, however there are associated morbidities, such
as postoperative pain, limited mobility, wound infection and dehiscence. Recent advances have been
made in minimally invasive vein surgery techniques to decrease operative morbidity, number and size of
incisions, recovery time, and operative time.
Methods: A prospective study of 21 patients of varicose veins with incompetent perforators undergoing
subfascial endoscopic perforator vein surgery (SEPS) using harmonic scalpel was designed and various
parameters were studied.
Results: All ulcers healed in 8 weeks with no recurrence in 11.9 months follow-up period. One case of
wound infection and each saphenous nerve neuropraxia were the only postoperative complications
noted.
Conclusion: Use of ultrasonic scalpel in SEPS is technically feasible, causes less tissue damage as it
generates a low thermal effect, and is associated with minimal morbidity.
 2009 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
Linton ﬁrst described the surgical interruption of incompetent
perforating veins in 1938, which was subsequently modiﬁed by
a number of workers.1 Although successful results were reported
with this procedure, the long incision through unhealthy skin
frequently resulted in delayed healing, and wound complications
such as postoperative pain, wound infection and dehiscence, as
well as missed varicosities resulting in prolonged hospitalization,
delayed return to work and poor cosmesis.2 In cases of severe
chronic venous insufﬁciency (CVI), subfascial endoscopic perfo-
rator vein surgery (SEPS) avoids the long incision of Linton’s
procedure and has been shown to be safe with high rates of ulcer
healing, favorable early clinical outcome, and wound complica-
tions rates of approximately 5%. However the use of metal clips in
SEPS gives room for potential infection in an already unhealthy
skin. Moreover, use of electrocautery in limited space causes
damage to nerves and muscles. Harmonic scalpel (Ethicon-Endo-
Surgery, Inc. US) efﬁciently overcomes these shortcomings since itPrasad, New Colony, Kumhar
873132929 (mobile).
Elsevier Ltd on behalf of Surgical Aallows for precise coagulation and transection of the perforator
veins with hemostasis obviating the need for metal clips and
causing much less thermal injury to the adjacent tissues. The
present study was conducted to evaluate role of subfascial endo-
scopic perforator vein surgery (SEPS) using ultrasonic scalpel in
varicose veins.
2. Materials and methods
This study was conducted during the period of January 2007–
December 2008. Twenty-one patients of varicose veins with
incompetent perforators were included for the study. They under-
went subfascial endoscopic perforator vein surgery (SEPS) using
ultrasonic scalpel. For patients having associated sapheno-femoral
junctional incompetence, ﬂush ligation of sapheno-femoral junc-
tion with stripping of saphenous vein up to the knee was done in
the same sitting.
2.1. Patients and ethics
Twenty-one patients between 18 and 65 years of age underwent
SEPS or SEPS combined with ﬂush ligation of great saphenous vein
(GSV) with stripping of the GSV up to the knee under general/spinal
anesthesia. A written informed consent was taken.ssociates Ltd.
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 Duplex ultrasound proven incompetent perforators of the
lower extremity irrespective of the sapheno-femoral junction
status.
Exclusion criteria
 Evidence of deep venous insufﬁciency as on documentation by
Doppler ultrasound.
 History of deep vein thrombosis.
 Associated arterial occlusive disease.
 A previous lower limb surgery.2.2. Operation
In all patients, a preoperative duplex ultrasound was done a day
before surgery to mark the perforating veins. A single dose of
prophylactic antibiotic (Cefazolin, 1 g) was given at the time of
induction. The ‘two port’ technique3 was employed with one port
for the camera and a separate port for instrumentation, thereby
making it easier to work in the limited subfascial space. A 10 mm
endoscopic port was placed in the medial aspect of the calf 10 cm
below the tibial plateau and medial to its medial edge. Another
10 mm port was placed about 8–10 cm inferior and posterior to the
ﬁrst port under direct visualization with camera. The position of
ports varied in different patients by few centimeters depending
upon size of ulcer. Carbon dioxide was insufﬂated into the sub-
fascial space, and pressure was maintained around 30 mmHg to
improve visualization and access to the perforators. Using ultra-
sonic scalpel inserted through the second port, the subfascial space
was widely explored from the medial border of the tibia to the
posterior midline and down to the level of the medial malleolus. All
perforators encountered were divided with the harmonic scalpel.
By rotating the ports cephalad and continuing the dissection up to
the level of the knee, the more proximal perforators were divided.
On the completion of the endoscopic procedure, the instruments
were removed and carbon dioxide manually expressed. A vacuum
suction drainwas placed in the subfascial space. For patients having
associated sapheno-femoral junctional incompetence, ﬂush liga-
tion of sapheno-femoral junction with stripping of saphenous vein
up to knee was done in the same sitting. Wounds were closed and
the limb was wrapped with an elastic bandage from foot to thigh.
Leg elevation was maintained postoperatively and ambulation was
permitted 24 h postoperatively. Elastic compression and suction
drain were removed 24 h postoperatively. None of the patient
included in the study had lateral perforators or sapheno-popliteal
incompetence.
Parameters evaluated
 Duration of surgery
 Wound related complications
 Hospital stay
 Cosmetic results
 Return to activity
3. Results
Age of patients varied from 18 to 65 years and most patients
were in the age group 31–40 years. Out of total 21 patients, there
was only one female patient. The mean age in years was 39. A total
of 21 patients were included in the study. Of these, 9 had right-
sided varicose veins and 12 had left-sided varicose veins. 10
patients were in C4, 4 in C5 and 7 in C6. Venous Clinical Severity
Score (VCSS)4 is constructed from 10 items scored 0–3, roughly
corresponding to the familiar none-mild-moderate-severe, fora maximal score of 30. Mean VCSS was 11.14 with a range from 9 to
20. Mean VCSS in class 4 was 8.1, 10.1 in class 5 and 15.85 in class 6.
All 21 patients underwent SEPS for perforating vein incompe-
tence (PVI). In 8 patients who had sapheno-femoral incompetence
along with PVI, ﬂush ligation of saphenous vein with stripping of
great saphenous vein up to the knee was performed in addition to
SEPS. In C4, out of total 10 patients, 7 underwent SEPS alone and in
rest three, SEPS with sapheno-femoral ﬂush ligation with stripping
up to knee (SEPSþ SF) was performed. In C5, out of total 4 patients,
3 underwent SEPS and in 1 SEPSþ SF was performed. In C6, 5
patients underwent SEPS and in 2 SEPSþ SF was performed.
The mean operating time for SEPS was 40 minwith a range from
34 to 48 min. The mean operating time for SEPSþ SF was 86 min
with a range from 82 to 90 min. Duration of surgery in C4 was 40
and 87; in C5, 39 and 88; and in C6, 40 and 82 min for SEPS and
SEPSþ SF, respectively.
Mean number of perforating veins transected in each procedure
was 4, with a range from3 to 8. Transection of perforating veinswas
successful in all cases, with no bleeding or conversions to open
surgery.
Mean hospital stay was 2.3 days (range 2–4 days). In C4, it was
2.1 days; in C5, it was 2 days and in C6, 2.8 days.
Mean time to return to normal daily activities was 6.1 days
(range 4–10 days). In C4, it was 6.1 days, whereas, in C6, it was 7.3
days reﬂecting the severity of disease.
There was one case of port-site infection, which was managed
conservatively and it healed in a week. Apart from this mild wound
infection and one case of transient saphenous nerve neuropraxia,
all patients did well postoperatively, with no bleeding-related
complications.
Mean duration of follow-up was 11.9 months (range 3–18
months). There were 7 patients in class 6, which is, having active
ulcers. Mean duration of ulcer healing was 6.2 weeks, with a range
from 4 to 8 weeks. Follow-up period in CEAP C6 patients varied
from 3 to 18 months with the mean duration of 8.7 months.
4. Discussion
The pathophysiology of chronic venous insufﬁciency is linked to
severe skin changes and ulceration. Furthermore, these changes
can be favorably modiﬁed with ablation of superﬁcial venous
reﬂux. If this is done in combination with interruption of calf
perforating veins, the water-hammer effect of downward and
outward venous ﬂow through these veins will be halted, leukocyte
trapping and activation decreased, and skin changes reversed.5
Because of an unacceptably high rate of wound complications
associated with Linton’s procedure, it fell into disrepute when SEPS
became available. The advent of subfascial endoscopic perforator
surgery (SEPS) has rekindled the debate over the possible beneﬁts
of perforator interruption in the management of chronic venous
insufﬁciency. SEPS combined with correction of superﬁcial venous
reﬂux by aggressive surgical intervention has resulted in rapid ulcer
healing, improvement of lipodermatosclerosis and fading of
hyperpigmentation as compared to aggressive nonoperative
therapy.6 SEPS is associated signiﬁcantly lower morbidity, shorter
hospital stay, and may even be performed as a day case surgery.
Thus, in patients undergoing perforating vein interruption for
chronic venous insufﬁciency, SEPS is now the procedure of choice.6
The advent of duplex ultrasonographic imaging and a better
understanding of the causes and sites of varicose vein recurrence
led to the increase in long saphenous vein stripping in the SEPS
group. It is recognized that this may also improve the long-term
outcome after SEPS.7
In most of the reported series, the surgeons applied metal clips
to the perforating vein before the transection or simply used
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in a potentially infected wound with chronic unhealthy skin and
ulcer may not be desirable. Problems with migrating metal clips
have also been described in other laparoscopic procedures.8 The
repeated movement in and out of the operative ﬁeld to reload
metal clips can be time consuming when multiple perforators are
found. On the other hand, the application of electrocautery in the
limited subfascial space may cause inadvertent damage to the
surrounding soft tissue by the electrical currents. The production of
smoke during dissection by electrocautery may obscure the oper-
ative ﬁeld, and intermittent evacuation of smoke are needed. The
ultrasonic scalpel uses precise ultrasonic vibration to coagulate and
transect the vessels in a smoke-free environment. It has been
widely used in different areas, both in laparoscopic and open
surgery. The scalpel vibrates at a rate of 55,000 times/sec. This
mechanical action results in protein denaturation and the forma-
tion of coagulum, which seals off blood vessels. The same action
causes vaporization of cells resulting in tissue fragmentation. This
dual action makes dissection quicker resulting in decreased oper-
ating time.9 Also, there is
 Minimal lateral thermal tissue damage (heat generated
50–100 C).
 Minimal charring and desiccation.
 Minimal smoke for improved visibility in the surgical ﬁeld.
 Fewer instrument exchanges.
In an animal model, this instrument produced a similar hae-
mostatic effect but caused less tissue injury than the CO2 laser and
electrocautery.10 The use of ultrasonic scalpel thus is technically
feasible and causes minimal morbidity.
The present study evaluates ultrasonic scalpel in the interrup-
tion of the perforating veins, its advantages and whether it is
technically feasible.
The Venous Clinical Severity Score (VCSS) has a linear correla-
tion with CEAP clinical class and anatomic extent. In a study by
Meissner et al.,11 individuals with active ulceration had a mean
VCSS of 14.9. In a study by Bianchi et al.,12 mean preoperative
clinical severity score was 8.65. In our study of 21 patients, the
mean VCSS was 11.14. The mean VCSS was 8.1, 10.1 and 15.85 in
classes C4, C5 and C6 respectively. Thus, VCSS correlates with the
severity of the disease.
Twenty-one patients had perforator vein incompetence for
which SEPS using harmonic scalpel was performed with mean
operating time of 40 min. Of these, eight patients also had sapheno-
femoral junction incompetence for which SEPS along with ﬂush
ligation of sapheno-femoral junction and stripping up to the knee
was performed with mean operating time of 86 min. SEPS was
completed successfully in all patients with no conversion to open
surgery. In NASEPS preliminary data (North American Subfascial
Endoscopic Perforator Surgery Registry),13 the mean operating time
for SEPS was 55.3 min, and in a study by Lee et al.,9 the mean
operating time for SEPS using ultrasonic scalpel was 48 min. Thus,
it can be said that use of ultrasonic scalpel reduces the duration of
surgery. This is attributed to the advantages conferred on by the
ultrasonic scalpel. Use of metal clips is time consuming as it
requires repeated movement in and out of the operative ﬁeld to
reload the metal clips. On the other hand, use of electrocautery
produces a lot of smoke during dissection which obscures the
operative ﬁeld requiring intermittent evacuation of smoke. In
addition, it may cause inadvertent damage to the surrounding soft
tissue by the electrical currents. Ultrasonic scalpel effectively
overcomes these shortcomings as it generates a low thermal effect
and cutting and coagulation can be done with the same instrument
in a smoke-free environment.Mean number of perforators ligated was 4. In a study by Lee
et al.,9 mean number of perforators ligated was 3 using ultrasonic
scalpel, and in NASEPS preliminary data, it was 3.8. The presence of
open ulcer at the time of surgery was not associated with a signif-
icantly prolonged postoperative stay. This is evident from the mean
hospital stay in classes C4 and C6, which are 2.1 and 2.8 days
respectively. In a retrospective study by Stuart et al.,5 the median
stay was 3 days for SEPS group and 10 days in case of Linton’s
procedure. Themean duration to return to normal daily activities in
our studywas 6.1 days. In a similar study by Lee et al.,9 it was 7 days.
The shorter period of hospitalization and return to normal daily
activities is clearly an advantage of SEPS over the open Linton
operation.
Apart from one case of port-site infection and a case of transient
saphenous nerve neuropraxia, there were no other perioperative
complications such as subfascial hematoma, abscess, superﬁcial
thrombophlebitis or deep venous thrombosis. This is similar to
what was observed by Lee et al.9 in their study in which they used
ultrasonic scalpel for SEPS. This is in stark contrast to Linton’s
procedure where wound complication rate reached 45%.14 Thus,
SEPS, wherein the incision is placed away from the site of diseased
skin, results in a low incidence of wound complications as
compared to Linton’s procedure, where calf wound infection and
delayed healing were a signiﬁcant cause of morbidity.
The mean follow-up duration was 11.9 months with a range
from 3 to 18 months. There were seven patients in C6 class, which
is, having active ulcers. The mean duration of ulcer healing was 6.2
weeks, with a range from 4 to 8 weeks. None of the patients
experienced recurrence. This is in accordance with the NASEPS
preliminary data,13 which reported a mean and median duration to
ulcer healing of 38 and 42 days, respectively. It remains a contro-
versial question whether perforators should be dealt with at all,
especially regarding patients without skin changes. Perforator
ligation alone has, however, been clamed as an effective treatment
for non-healing venous ulcers. In a prospective study by Nelzen,7
SEPS was the only operation performed in 16% of limbs with leg
ulcers, all of which healed. In our study of 7 patients with active
ulcers, 5 underwent SEPS alone, and all ulcers healed in a span of 8
weeks with no recurrence. However, this does not underscore the
importance of superﬁcial system reﬂux since it is a cause of ulcer
recurrence after ablation of perforator vein incompetence. It is the
combination of SEPS and ablation of superﬁcial system reﬂux that
has a dramatic effect on ulcer healing.
5. Conclusions
The present study of 21 patients of varicose veins was designed
to evaluate the role of ultrasonic scalpel as an alternative tool to
transect perforating veins in subfascial endoscopic perforator vein
surgery (SEPS) in patients with severe chronic venous insufﬁciency
of lower extremities. We conclude that use of ultrasonic scalpel for
performing SEPS is technically feasible, causes less tissue damage
and reduces the duration of surgery. Because of its advantages, it
seems to be a better implement to be used in SEPS. Multicenteric
large randomized controlled trials are needed to substantiate these
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